Purpose Each year, nearly 21,000 adolescents and young adults (AYA) ages 15 to 29 years are diagnosed with cancer. Breast and gynecological cancers account for 25 % of the cancers seen in AYA females. The purpose of this study was to compare the current physical and mental health status of female AYA cancer survivors with non-cancer female controls. Methods Using data from the population-based 2009 National Health Interview Survey, 100 cases of female AYA survivors of breast and gynecological cancers were identified [female AYA cancer survivor (FCS) group]. FCS cases were matched with 300 female respondents without a history of cancer on age, education, marital status, and minority status [non-cancer control (NCC) group]. The FCS and NCC groups were compared on a range of physical and mental health status indices using analysis of covariance and binary logistic regression.
Introduction
Nearly 21,000 adolescents and young adults (AYA) between the ages of 15 and 29 are diagnosed with cancer annually in the USA [1] . This is 2.7 times greater than the number of annual pediatric cancer cases [1] . The 5-year survival rate of AYA has seen little improvement over the past 25 years, compared to younger or older cancer patients [1] . The National Cancer Institute (NCI) and LIVESTRONG Foundation have recently placed special emphasis on identifying the long-term survival needs of AYA cancer survivors [2] .
Breast and gynecological cancers account for 25 % of the cancers most commonly seen in AYA females [1] . A cancer diagnosis during adolescence and young adulthood can have a significant impact on the social and emotional development of AYA, leading to disruptions in the achievement of normal developmental milestones [3] . Issues AYA commonly experience during cancer treatment include increased dependence on parents, disruptions in school and/or work, alternations in body image, and concerns about interpersonal relationships [4] [5] [6] . Additional concerns, especially for young survivors of breast and gynecological cancers, include sexual and reproductive dysfunction [7] [8] [9] . Difficulties in coping with these issues could negatively impact the quality of life of female AYA cancer survivors.
Despite the growing research on female survivors of breast and gynecological cancers [10] [11] [12] [13] , few studies have focused on females diagnosed with these types of cancers during adolescence or young adulthood. Previous research has either lumped this group of female cancer survivors in with women diagnosed with cancer in middle to late adulthood or excluded them if their diagnosis was before the age of 18 [12, 14, 15] . Some research has claimed to focus on "young" cancer survivors; however, the upper age criterion extends into middle adulthood (age≤50) [13] . In fact, no studies reported in the literature have examined the physical or mental health outcomes specifically of females diagnosed with breast or gynecological cancers during adolescence and young adulthood.
The Institute of Medicine [16] has recommended researchers use population-based, national health surveys to help identify the health outcomes of understudied cancer survivors, such as female AYA cancer survivors. The present study embraces this recommendation. We used data from the population-based, 2009 National Health Interview Survey (NHIS) to identify the current physical and mental health status of female AYA survivors of breast and gynecological cancers. Female AYA cancer survivors are compared with female control respondents without a history of cancer, matched on age, education, minority status, and marital status.
Methods

National Health Interview Survey
The NHIS is an annual, national survey, sponsored by the National Center for Health Statistics and Centers for Disease Control and Prevention, used to monitor health trends [17] . The NHIS uses a multistage sampling design, with oversampling of Black, Hispanic, and Asian individuals. Data are collected through in-person household interviews. The NHIS consists of four core components: household, family, sample adult, and sample child. Data from the sample adult questionnaire were used for this study. A total of 27,383 adults (≥18 years) completed the 2009 NHIS interview. The response rate was 80.1 % for those who completed the adult interview [17] . Since NHIS data are in the public domain, approval by a local institutional review board was not required.
The 2009 NHIS included specific questions related to cancer survivorship. First, respondents were asked "Have you ever been told by a doctor or other health professional that you had cancer or a malignancy of any kind?" If "yes," respondents were then asked "What kind of cancer was it?" and "How old were you when this cancer was first diagnosed?" Respondents were also asked to report the type and age of diagnosis for up to two additional lifetime cancer diagnoses. The time since initial cancer diagnosis was calculated as the difference between age at initial cancer diagnosis and age at survey participation. A full description of the 2009 NHIS questions and response alternatives can be found at www.cdc.gov/nchs/nhis/nhis_questionnaires.htm. Response alternatives such as "refused" and "don't know" were coded as missing.
Measures
Demographics
Information regarding age, sex, race, ethnicity, marital status, and education was obtained. Information regarding race and ethnicity was used to categorize respondents as either "nonminority" (white, non-Hispanic) or "minority" (all others). Marital status information was used to categorize respondents as either "married/partnered" or "not married/partnered".
Mental health
Mental health was assessed by eight items. The NHIS survey included the K6 scale, a six-item screening tool designed to measure psychological distress [18, 19] . Respondents were asked how frequently they may have experienced six different feelings during the last 30 days (i.e., sad, nervous, restless/fidgety, hopeless, everything was an effort, or worthless). Responses were recorded on a fivepoint scale ranging from 0 = "none of the time" to 4 = "all of the time." These six items were then summed to create a total distress index (range 0-24) (item 7), with higher scores indicating greater psychological distress (Cronbach's alpha =0.88 for the current study). Kessler et al. [18] suggest that a score of ≥13 is an indicator of serious psychological distress; thus, this score was used as a cut-off to classify respondents as meeting criteria for serious psychological distress (yes vs no). Lastly, respondents who indicated that they experienced ≥1 of the six feelings at least "a little of the time" were then asked "How much did these feelings interfere with your life or activities?" (0 = "not at all" to 3 = "a lot") (item 8).
Physical health
Lifetime history of nine medical conditions was assessed by asking respondents "Have you ever been told by a doctor or other health professional that you had __________?" (yes vs no). Specific medical conditions inquired were as follows: hypertension, coronary heart disease, heart attack, stroke, emphysema, asthma, ulcer, diabetes, and arthritis.
More recent and current history of various medical conditions was also assessed. Two questions were asked to respondents whether they had been told by a doctor or health professional in the past 12 months if they had weak/ failing kidneys or a liver condition (yes vs no). Four questions were used to assess the presence of pain (yes vs no) during the past 3 months lasting ≥1 day. Types of pain inquired included the neck, lower back, face/jaw, and severe migraine/headache. Two questions were asked to respondents whether they had experienced a head or chest cold, or a stomach or intestinal illness with vomiting or diarrhea within the past 2 weeks (yes vs no). Two questions were asked to respondents whether they currently had trouble seeing (even with glasses or contact lenses) or if they had any health problems requiring special equipment (e.g., a cane, wheelchair, special bed, or special telephone) (yes vs no). Respondents were asked if they were currently pregnant (yes vs no). Finally, respondents were asked whether they had experienced symptoms of pain, aching, or stiffness in/ around a joint (other than the back or neck) within the past 30 days (yes vs no). Those who responded yes were asked to indicate whether their current usual activities were limited because of arthritis or joint symptoms (yes vs no).
Other questions regarding current physical health status were also assessed. Respondents were asked to compare their current health to their health 1 year ago, using a three-point scale (0-2) (higher scores indicating better health). Respondents reported the number of work days lost during the past year due to illness or injury (excluding maternity leave) and the number of days during the past year illness/injury which kept them in bed more than half the day. Average hours of sleep were assessed by asking respondents how many hours of sleep they get in a 24-h period. Body mass index was calculated using current height and weight. Respondents who responded yes to experiencing joint pain in the past 30 days were asked to rate the severity of the pain, using an 11-point scale (0-10) (higher scores indicating greater joint pain severity).
Functional limitations were also assessed. Respondents were asked "By yourself, and without using any special equipment, how difficult is it for you to __________?" (0 = "can't do at all" to 4 = "not at all difficult"). Specific functional activities queried included walk a quarter of a mile; stand or be on feet for about 2 h; sit for about 2 h; stoop, bend, or kneel; reach up over your head; use your fingers to grasp or handle small objects; lift or carry something heavy as 10 lb; push or pull large objects; got out to things like shopping, movies, or sporting events; participate in social activities such as visiting friends or attending clubs or meetings; and doing things to relax at home or for leisure such as reading, watching TV, or listening to music.
Identification of female AYA cancer survivor cases and non-cancer controls
In the 2009 NHIS, 2,227 respondents indicated that they had been told by a doctor or health professional that they had cancer. Further eligibility criteria for the female AYA cancer survivor (FCS) group included the following: (1) report of a single lifetime cancer diagnosis of either breast, cervical, ovarian, or uterine cancer; (2) diagnosed between ages 15 and 29; (3) currently ≤59 years old; and (4) time since diagnosis ≥1 year. Using these criteria, 100 respondents constituted the FCS group. The 10,302 female, adult NHIS respondents who indicated that they had never been told by a health professional that they had cancer were considered for the inclusion in the non-cancer control (NCC) group. To be considered for inclusion in the NCC group, a respondent had to be matched with a FCS case with regard to (a) current age; (b) minority status (white, non-Hispanic vs all others); (c) marital status (married/partnered vs not married/nonpartnered); and (d) education (high school grad or less vs some college or more). Matching on current age was done within four age deciles (i.e., 18-29, 30-39, 40-49, and 50-59 years). For each FCS case, three matched controls were randomly selected from the pool of potential matches among the non-cancer female respondents. The NCC group consisted of 300 respondents. A 3:1 ratio was chosen to detect an effect size of 0.33 (small to moderate effect) [20] and achieve a statistical power of 0.80 for an independent samples t test (two sided), given alpha=0.05.
Statistical analyses
Prior to performing primary study analyses, the FCS and NCC groups were compared with regard to age, minority status, marital status, and education, using chi-square and independent t test analyses. A significant difference was found between the two groups with regard to education (i.e., the six-category variable) and was used as covariate in the primary study analyses. Analysis of covariance was used to compare groups on continuous outcome variables. Effect sizes were calculated as the difference between the two means divided by the pooled standard deviation (Cohen's d) [20] . Binary logistic regression was used to examine group differences among categorical outcome variables controlling for education. For all comparisons, the NCC group was used as the reference group. The criterion for statistical significance was p≤0.05.
Results
Demographics
A comparison of the FCS and NCC groups with regard to demographic variables are presented in Table 1 . Women in the FCS and NCC groups had a mean age of 39 and were primarily white, non-Hispanic (64 %). The mean time since diagnosis for the FCS group was 16.7 years (SD=10.0 years, range 1 to 41). The number of cases per cancer diagnoses was as follows: breast (n=10), cervical (n=69), ovarian (n=11), and uterine (n=10). Their marital status was equally distributed between single and married/partnered. Most of the women in both groups had completed some college or more (63 %). Table 2 displays the comparison of the FCS and NCC groups on mental health status. The FCS group reported significantly poorer scores than the NCC group on seven of eight mental health indices. There were no differences between the groups on whether or not the presence of feelings of distress interfered with life or activities (p=0.41). Effect sizes for which significant group differences were found ranged from 0.29 (hopeless) to 0.63 (restless/fidgety 
Mental health status
Physical health status
Lifetime history of various medical conditions Table 3 reveals the comparison of the FCS and NCC groups with regard to lifetime history of various medical conditions.
Odds ratios for 8 of 9 medical conditions exceeded 1.0, indicating greater probability in the FCS group (p=0.04, binominal test, two tailed). The FCS group reported significantly greater lifetime prevalence of hypertension (OR=2.14), ulcer (OR=3.69), and arthritis (OR=2.62). Table 4 reports the comparison of the FCS and NCC groups with regard to current medical conditions. The FCS group reported a greater probability (OR>1.0) for 11 of 13 conditions (p=0.006; binomial test, two tailed). The FCS group reported a significantly greater prevalence for 8 of 13 conditions. Odds ratios for the eight medical conditions for which significant group differences were found ranged from 2.42 (severe migraine/ headache) to 8.72 (health problems requiring special equipment). Table 5 displays the comparison of the FCS and NCC groups with regard to continuous physical health and disability variables. The FCS group reported significantly poorer health status for four of six indices: poorer general health than 1 year ago (p=0.003), more health-related lost indices than the NCC group (p<0.001; binomial test; two tailed). Effect sizes ranged from 0.26 (do things to relax at home/for leisure) to 0.56 (sit for about 2 h).
Current medical conditions
Disability
Functional limitations
Discussion
The results of this study clearly indicate that female AYA survivors of breast and gynecological cancers report poorer physical and mental health status than females without a history of cancer. Relative to the NCC group, the FCS group reported consistently poorer mental health outcomes; greater lifetime, recent, and current prevalence of variety of medical conditions; more health-related disability; and greater functional limitations. More importantly, the FCS group was four times more likely to meet the criteria for serious psychological distress than the NCC group. Given the matched case-control design of this study, it is reasonable to infer that these observed differences in the physical and mental health status reflect the significant impact that breast and gynecological cancers can have when they occur during adolescence and young adulthood. Two additional things are important to note. First, the differences found between the two groups on mental health and functional limitations appear to be both clinically and statistically important. Effect sizes for which significant group differences were found in Tables 2 and 6 ranged from 0.26 to 0.63. Effect sizes in the range ≥0.30-0.50 can be interpreted as clinically important [21, 22] . Likewise, the odds ratios for all, but two differences, reported in Tables 3  and 4 were >1.0. Second, the mean time since diagnosis in the FCS group was 17 years, and their mean current age was 39 years. Thus, the negative impact on cancer has on the physical and mental health status of female AYA cancer survivors may be long-standing. A longitudinal study would be needed to determine this possibility.
Although the use of national health care surveys, such as the NHIS, can be helpful in providing information about the health status of cancer survivors; this approach has limitations. First, as is the case in large population-based surveys [23, 24] , personal cancer history was assessed by self-report rather than from medical records. While the accuracy of self-reports of a cancer diagnosis is generally high [25, 26] , some degree of misclassification in our study groups is possible. Second, the NHIS does not obtain clinical information regarding cancer treatment and disease staging; thus, we are unable to draw conclusions regarding how these factors might be associated with better or poorer physical and mental health status among our group female AYA cancer survivors. Lastly, the cross-sectional design of this study makes it is impossible to determine to what extent the physical and mental health outcomes of female AYA cancer survivors change over time.
In conclusion, our results suggest that the diagnosis of breast and gynecological cancers during adolescence and young adulthood is associated with clinically significant deficits in physical and mental health status later in life. This is the first study to examine the health status of females diagnosed with cancer during adolescence and young adulthood and addresses a priority area of the NCI and LIVESTRONG Foundation [2] . The fact that little attention has been given to the needs of female AYA cancer survivors is alarming, particularly since they have poorer physical and mental health outcomes than women who did not have cancer. Future research should focus on obtaining a more detailed picture of the physical and mental health deficits experienced by female AYA cancer survivors. Conducting a longitudinal study would also help clarify the trajectory of the impact of these deficits and help identify the most appropriate time to intervene. This information can then be used to develop and test interventions to help improve the survivorship outcomes of this underserved cancer population.
